
|

STANFORD UNIVERSITY SCHOOL OF MEDICINE

701 Welch Road, Suite 3g0g, Palo Alto, California 94304 • (415) 321-1200, Ext. 6283

CARDIOLOGY DIVISION

Biomedical Technology Transfer

PREFACE

The Stanford University School of Medicine

Biomedical Technology Transfer Team is directed

by D.C. Harrison, M.D., and under the manage-

ment of H.A. Miller, Deputy Director.

Other members of the Stanford professional

staff who contributed to the preparation of this

report are Mrs. D.L. Hall and Mr. A.G. Buck.

MONTHLY REPORT NO. 9

March, 1972

CONTRACT NO. NAb'A@ 2216

The Biomedical Applications o[ Aerospace Technology (under NASA contract, NASW 2216)



F

TABLE OF CONTENTS

Summary of Activities

I Narrative .......

II Tabular .......

Problems

I Newly Accepted .....

II Active List ......

Ill Complete or Inactive ....

Searches by Computer

I Initiated .......

II Evaluated _y Investigator . . .

Problem Statements

I Submitted to NASA for Review . .

II Disseminated for Possible Solution .

Ill Responses Received ....

Engineering Development .....

Technology Transferred .....

Other Activities .......

Planned Activities .......

Hours of Effort Summary .....

1

2

3

4

5

6

7

8

9

10

II

12

13

I4

15



SUMMARY OF ACTIVITIES

I. Narrative

Sixteen problems have been accepted by this program to date, of

which four problems have been successfully transferred, one of these

during March. A detailed report of this technology transfer is included

in this monthly report on pages 12 a and b.

During the month of March, three new problems were accepted as

follows:

"Unsteady Flow Through Heart Valves," which concerns the

flutter of valve leaflets and its effect on heart performance.

"Radiotelemetry of Intracranial Pressure. " This concerns

long-term quantitative, continuous monitoring of critical

intracranial pressure resulting from trauma.

"ECG Monitoring During Emotional Stress. " The purpose is

to provide means for monitoring the ECG's of subjects under-

going commonly occurring professional and social stresses.

Such stresses are often contributory to fatal arrhythmias.

Equipment and materials are being procured on two current problems.

A feasibility study related to non-invasive intracranial pressure monitor-

ing (PMD-I) has been undertaken with promising results.

Program discussion and presentation were performed before twelve

distinct medical groups. Appointments for program presentations in the

following months have been secured with three major medical institutions.
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SUMMARY OF ACTIVITIES

II Tabular

Activity

Problems:

New Problems Accepted

Active Problems

Number

This Month

Number

Cumulative On

Since 7/71 Pa_flg£..

3 16 3

12 16 4

Searches by Computer:

Searches Initiated

Searches Evaluated by Investigator

0 3 6

0 3 7

Problem Statements:

Submitted to NASA for Review

Disseminated for Possible Solutions

Responses Received

0 0 8

0 0 9

0 0 I0

9 12 1I

I 4 12

Engineering Development in Progress

Technology Transferred
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PROBLEMS

I. New Problems Acceptgd

Problem

Number

CED-I

VMC -I

COH -I

Problem Title

ECG Monitoring During Emotional Stress

Radiotelemetry of Intracranial Pressure

Unsteady Flow Through Heart Valves

!

#
/

/

!
7

\
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PROBLEM ACQUISITION AND REVIEW

Problem No:

Problem Title:

Institution:

Department:

Investigator:

BTT Consultants:

Problem Obiective:

CED-I Submission Date: 3/8/72

ECG Monitoring During Emotional Stress

Cedars of Lebanon Hospital, Los Angeles, California

Cardiology

James Forrester, M.D.

David Cannom, IV[.D. ; A.G. Buck

To measure the ECG reaction to emotional stress

of professional, scientific and executive personnel.

Background: Serious arrhythmias and sudden death frequently occur

during the everyday stress encountered by some occupational groups. How such

stress affects the cardiovascular system is poorly understood.

There is a need for data on the cardiovascular effects

of emotional stresses frequently experienced by members of certain occu-

pational groups; e.g., surgeons, executives, scientists.

The determination of ECG stress relationships may

provide a basis for training such individuals in what situations to avoid.

The work of the NASA on light-weight, non-encumbering

telemetry equipment may provide the means of instrumenting subjects for

research on this problem.
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PROBLEM ACQUISITION AND REVIEW

Problem No: VMC-I Submission Date: 3/8/72

Problem Title: Radlotelemetry of Intracranial Pressure

Institution: Valley Medical Center, San lose, California

Department: Neurosurgery

Investigator: G. Silverberg, M.D. ; R.D. Hamilton, M.D.

BTT Consultants: William H. Barry, M.D. ; James A. White

Problem Objectives: To provide a non-encumbering system for measuring

intracranial pressure over periods of five to ten days.

Background: The development of intracranial pressure following head

injury may take several days. Present clinical techniques often indicate

serious situations only after irreparable damage has occurred. Precise

knowledge of increased pressure before such damage has been done should

permit proper treatment in time to save the patient.

It is important that no encumbering wires or harness

be employed. A small telemeter subcutaneously implanted and a pressure

sensor, implanted above the dura, would fill the requirements.

It is believed that development of a suitable pressure

sensing and telemetering system is feasible within the present state of

the art with the support of NASA experience and expertise.

-3b-



PROBLEM ACQUISITION AND REVIEW

Problem No:

Problem Title:

Institution:

COH-I Submission Date: 3/20/72

Unsteady Flow Through Heart Valves

City of Hope Medical Center, Duarte, California

_artment: Cardiology

Invest_ator: Simon Rodbard, M.D.

BTT Consultants: William H. Barry, M.D. ; Manley J. Hood

Problem Objectives: To provide methods for analysis of the dynamic flow

through bicuspid valves and flutter of valve leaflets.

Background: At and above certain critical flow rates, the tips of

the leaflets of bicuspid valves close and open many times per second, gen-

erating a murmur-like acoustic signal. With the increase of leaflet flutter,

blood £1ow diminishes. Dr. Rodbard knows of no adequate computer simu-

lation of this phenomonon.

A suitable computer simulation is desired to promote

understanding of the phenomonon and possibly the interpretation of heart

murmurs° Improved understanding might suggest means for alleviating

some cardiac problems related to valvular dysfunction.
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PROBLEMS

III Active Problems

Number Status Title

PAM-2 E

PN[D -I E

SSM-2 E

AMC-I C

UCD-2 E

SSM-3 E

CCH-I E

VSF-1 E

ELC-2 R

CED-I E

COII-I C

VMC -I C

Temperature Telemeter for GI Tract Diagnosis

Non-invasive Intracranial Pressure Monitor

Electrode Applications to Myoelectrica] Control

A Miniature Portable Patient Arrhythmia Detector

Digital Transmission of Medical Data

Nerve Conduction-Velocity Electrodes

Electrodes for Hemiplegia Research

Respiration and Phonation Electrodes

Tissue Transilluminating Surgical Light

ECG Monitoring During Emotional Stress

Unsteady Flow Through Heart Valves

Radiotelemetry of Intracranial Pressure

STATUS CODE: R - Problem Acquisition and Review

S - Technology Search
C - Consultation

E - Engineering Development

A - Trial Applications

T - Technology Transferred

F - Final Reporting
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PROBLEMS

III Completed or Inactive

The following problems have undergone successful technology identification

and transfer. They are classifled as inactive while the problem originator

undertakes programmed research or clinical application. Periodic follow-up

is planned.

Number Status Title

PAM-I I

ELC -I I

UCD-I I

SSM-I I

Miniature ECG Telemetry Unit for Ambulatory Patients

Apnea Monitor for Wide Range of Patients and App]ications

Vectorcardiogram Computer Analysis for Exercised Subjects

Detection of Turbidity, Birefringence, and Fluoresence

Changes in Cardiac Muscle

STATUS CODE: C - Completed

I - Inactive
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SEARCIIES BY COMPUTER

I Initiated

No searches initiated this month.

i r
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SEARCIIES BY COMPUTER

II Evaluated By Investigator

None received this month.
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PROBLEM STATEMENTS

I Submitted To NASA For Review

None submitted this month.
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PROBLEM STATEMENTS

II Disseminated For Possible So]utions

No problem statements disseminated this month.
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PROBLEM STATEMENTS

Ill Responses Received

No responses received this month.
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TECIINOLOGY TRANSFERRED

Appropriate NASA technology has been identified and transferred to the

followh_g probJems during this month. Detailed transfer reports are

found on subsequent pages.

Problem

Number Title

SSM-I Detection of Turbidity, Birefringence and Fluoresence Changes

in Cardiac Muscle.
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TECHNOLOGY APPLICATION

NASA TECHNOLOGY PROVIDES

INFORMATION ON EXCITATION-CONTRACTION COUPLING IN MUSCLES

Problem No: SSM-I Acquisition Date: Sept. 13, 1971

Problem Title:

Institution:

Department:

Detection of Turbidity, Birefringence and Fluorescence

Changes in Cardiac Muscle

Stanford University School of Medicine

Medicine, Cardiology

Investigator: William H. Barry, M.D.

BTT Consultants: William H. Barry, M.D. ; A.G. Buck

Problem Obiective: To develop an optical system for determining changes

in turbidity and birefringence of muscle segments in vitro during isolated

cardiac contraction.

Background & Description: Changes in optical properties of nerve tissue

and skeletal muscle have been detected during excitation and contraction

by using a battery-powered quartz-iodine light source. A ten-stage photo-

multiplier and a computer of average transients was used to detect reflected

light. However, the tissues used in these studies were much larger than

the cardiac muscle segments presently employed. A coherent light beam

no larger than 0.5 mm in diameter is needed. The light intensity must not

damage muscle tissue and the wave length should be preferably within the

visible range. The detecting system must resolve changes of the order of

10 -3 to 10 -4 of the resting light intensity.

Resolution: The BTT consultants suggested that a laser llght source with

fiberoptics could provide the needed coherent light in a small working area.

A conference was held with Dr. Leonard P. Zill, Chief of the NASA-Ames

Exobiology Division and Mr. Benjamin H. Beam, Assistant Chief of the

NASA-Ames Research Facilities, and a laser chopper system, such as was

used previously by Mr. Beam in a hydrocarbon detector, was adopted. The

necessary equipment has been loaned by Ames to the problem originator for

use in his research.
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T echnol ofw_A12pl ication (continued)
SSM-I

Technolog%_ Identification: The basic technology responsible for resoluklon

of khis problem is found in NASA Tech Brief No. 70-10631 and in ARC-I0156.

The helium-neon gas laser is of commercial manufacturer; the chopper is
of NASA-Ames design and manufacture,

Im__mpact: Optical studies of cardiac muscle will provide new information about

excitation-contraction coupling. This information is likely to increase

understanding of the contraction process in muscle. It will aid in the

definition of the mechanism of action of numerous drugs which affect
the strength of contraction of the heart and which are used to treat heart
failure.

Documentation: NASA Tech Brief 70-I0631; Ames Report ARC-10156, "Laser

Beam Hydrocarbon Detector. "
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N._ ember (070 i:hicf 70-10631

NASA TECH BRIEF

N ¢_."_ Tcch |11i1:[, ;11111Ol111Cc n¢'_ tcchnolog_ dcri,.cd f;om II_c I 7 g ,,pace program. The) arc i.,,,ucd t_ encOUralgC commercial

apphca[ion. Itch []lic[-, ;ire availahlc on a sub.,_.rq'Hion b;P,t_ [ron'_ the ("lcarm,gh,_u,,e for I edclal Scientific and TL:cbnical

I r!fotmation, SpringlK:ld.\irginia 22151 Rcqucq, fur indl_idmd copic.,orque,,li_m,,rclalinglnlhclechBriefprogram max

be dirccled 1o Ihe Tcchnotog', t;tili/alion [_. i', i,ion. N \ S.\, (5 o.,fc t ;1, _.\ a,hml2lon. D .(" 20540.

l.aser Beam l l)drocarbon Detector

He/Ne Laser Mirrored
_ 3 39p__ _, Tunning-Fork

 ,oooor

__:__ Lens -- _ _

Short Path /" j • / ___

(Enclosed) l/p' [_ ///_"_ Long Palh

Uncooled

InAs l
Photodiode J

_, Solar Blocking
Filter

+> 4 ,rrowAmplifier Bandpass
and Constant Filter
Diode Bias

Meter
Readout

Corner-
Reflector

Mirror _

The problem:
To detect low-level concentrations of h)drocarbon

vapors which may constitute ,:t toxic, combustible, or

explosixc hazard.

The solution:

A portable instrument _hich passes light from a

helium-neon laser at a _avelcngth of 3.39 microns

through the atn_osphere being monitored and meas-

ures the atlcn|tation of the laser bean1. The attenuation

of the original beam is duc almost exclusively to ab-

sorplion of radiation b) h)drocarbons; therefore a

quantitative measure of their concentra{ion is :trail-

able.

!io_ il's done:

As; shov, n in tile Figure, a hcliunl-rleon laser beam

at 3.39 microns is inlerccptcd b) a mirrored tuning

fork chopper _hich ahernatcly reflcct_ the light

directly to the detector or allows it to traverse a

longer palh to a corner reflector _hich returns it to

the detector. The longer path is about t_o meters oxer-

all, _hite the short path (enclosed in a protective

box) is only a fc_ centimeters. The detector i_ an

uncoolcd indium-arsenide photodiode which i_ rea_on-

ably efficient at 3.39 microns. A solar blocking filter

pre_ents spurious signals from sunlight _hen the

instrument is used outdoors.

The instrument is adjuslcd st) that the light inlcn,it\

recci',ed via the long path i_, exacll)' equivalent 'o

that from the short path when no h)drocarbons arc

present. The presence of an absorbing gas in th,: l,mg

path results it] a difference of signal strength from the

long and the short path: the ac component or this

This document v.as prepared under the spr, nsorship of the National

Aeronautics and Space Administration. Neither the United Stales

Government nor any person acting on behalf of the United Slates

Government assumes an)' liability resulfng frm_ the use of tee
information contained in this document, or v,arrants that such u_
will be fre¢ from privately owncd rights.



•,i_mali,,,,ul>.cquen_l)filtcfcd,:m_plificd,and indicalcd

Oil ;I IYtC|Cr,

The dc_,ignof the dclcctor circuiti',qrisi_,htft_r-

mard: the indium-ar,,cnidcpholodiodc i,,hchl al near-

zero) '.Ollagcbia, I_3the opcralicmal:_mplificrdnce

operation in lhi,,111odc produce, It,,,,dark current,

di,tortion,am.]bia,,,hifl] he amplifierolllptll _.oll;|_e

b,prnporlimlalIo the pn_duct of photodiode current

and feedback rc,,i,,lam:c,and i,,linearv,ith incident

irradiancef,_ ,,e',cr:lldecade,,.Tlli,,,,igna]i,,h:d to

a bandlm,', filter in ordc_ t,_ incrca,,c the S/N ratio

and to enllallce nulling capabilit>.

Since the ,,labi!il,, _f the ,,yqem is critically de-

pendcm on the slahilit> of the light beam chopper,

it is operated at con,,tant anlplitude and further

stabili/cd hx a feedback h_op in 'ahich the mcch:lnical

strLIctLtrc of the clmpper i,, incorp_rated in the tuned

circuit of the feedback o,<ill;lt_r. In ltli,, :.lrrangement,

_ollaee induced in a sen,,ing coil b,_ the motion of the

chopper i', proportional to tile velocit,', of tile chopper

blade: Ihi, _oltage i,, anlplified and applied Io a bridge

containing I_o back-to-back zener diode_,: thc

unhalallccd ,,ienal from file brMge is amplified and

supplied to the chopper dri',e coil. At Io,a arnplitude,

tile/euer diode,, have a high rc,,i-,lance 'and act as linear

circuit elcment_< hence, _,,hen tile chopper drixe is

first lUrllcd on. pm, itive feedback is applied to tile
drixe coil and tile chopper bcgim, to o,_cillale. At high

:mlpliludc_,. tile impedance nf the /ener diodes drops,

reducing the unbalallced ,,igmtl unlil it is just _,ufficienl

Io keep tile amplitude fronl riqng further. This

sinlplc circuit is quite effective in producing stable

operati_n in a varietx of adxerse environments.

The protot>pe instrument _as arranged to be

handcarricd and v, as te,,ted in the field, operating

I'lom a lead-acid baiter) and conxerlcr carried in an

aulom_dqle. -rile ,endti_ it) _ils limited b) mechanical

inqabililic, in maintaining optical alignment in field

condition,,, btit was sufficient for detecting natural gas

at concentratinns of ahoul oile part per million. This

conccntrati,m i, +_ell helot+ tile health hazard level

and con,,Mcrahl) bchlx_ e\plodve concent riltio n.

Reference:

Ja)nc_, D. N.; and Bcanl, P, II.. ll)drocarbon

Ga_ .\h_orplion hx 'a lleNe l.a_er Bcan: at a 3.39-

h.licrm_ Y, a_ch,'rmlh, Applied Optics,' r_'1. g, Augu',l
19_9, pa_,' 17J

Nuic',,:

I. Di,,ad,,antages of the prototype instrument are:

(I) the potential hazard of the high-voltage supply

in an explo,,ive environment; (2) the presence of

du,,t in the long path gives spurious indications

of hydrocarbons: (3) hydrocarbons cannot be
identified.

2. Requests for further information may be directed
I0:

Technology Utilization Officer
Ames Research Center

Mail Stop N-240-2
Moffett Field, California 94035
Reference: TSP70-10631

Patent status:

No patent action is contemplated by NASA.

Source: B. lt. Beam, D.N. Jaynes, and
C. N. Burrous

Ames Research Center

(ARC-10156)

Brief 70-10631 Category 03,04



ARC-10156

ADDITIONAL TECHNICAL INFORMATION

The following pages include:

(1) A reprint of Hydrocarbon Gas Absorption by a HeNe Laser

Beam at a 3.39-Micron Wavelength," by D.N. Jaynes and

B.H. Beam, in Applied Optics, Vol. 8, page 1471, August
1969.

(z) A reproduction of the presentation "Hydrocarbon Gas Detection

Using a HeNe Laser," made by B. II, Beam, D.N. Jaynes, and

C.N. Burrous, at the May 1969 meeting of the Instrument So-

ciety of America, Las Vegas, Nevada.



Hydrocarbon Gas Absorption by a HeNe
Laser Beam at a 3.3%. Wavelength

Dean N. Jaynes and Benjamin H. Beam

Aln<'- ]{e<e:irvh (+,'nicr, N _._,,\hdl','ll 1"h'hl, (':llif,_rl+i:i'!lllrl;L+L

I_ecvivt,d 2 ()cl<,l.,r I!IG_.

Tb+. lMh.n ne,,u la-_+r +'mi--i,,u liu,, al 3.39 u i+-f l_re:+l iutereq

for ,_[l(,cl r-i,-¢.+ili 3- be,vall-e if i- li+'_il+ th+, fund:itlient:!] ',,'iilralilfli fre+-

qllelwy ,hf Ih+, l.l.ll,thll_ I.qx'_t,ell ihl, hy<h',l.Eeu and (';ll'lh_l/ allllll_.

"|'lie f_lrce ellll_.tlilll f_il lht. (I 11:1 ri,tchilig lii)lld v-trio.- fi,,lll/_" -

-I.R0 {]ttI1 X" Ill. 1 "File :pel,ille v3111i, ih,lietll[, oll lhe hl[hlenee +if

adjn<'enl :li+,nt% :iiLd ll:trlivul:irly Oil Ihe h,..liut4 i,, the I hlee _Iher

vah!nce v:ie,<ili<!ie< in Ihe e:lilutn :|hun. Thi:. force eiin-I:iiil iitid

lhe redui.od ilia<, i,f lhe hydt,_l.,..n lib,In ?:ilwiiy+ fah'iy el+>e Icl/x

= I.G X Ill- '-'+kl('l yield ;i r:idi:lli+in v<:tvoh*nl41h c, irre_.peuldhl<g, 1,1

lhe fuudanlonl:l] vil_i:ili<lli ,ff

X = 27re(.u'k) t _ 3.1 :l.-I .ix,

where e = "I >'. I r)_m "see. P].lhlh_ will tie :t]J_irbel] hi ]iydrol-,ir-
Irons near lid- vihrati.u frequency mid :it <peeific frequencies de-

lerlllillf'(.t hv ¢[ll:tlili/,gi vihraliol_-Dil:i|illil levels. F<,r lYlelh:ilie;

lhe diffi'renee I.,Ivceen di<ereh+ ah,-+lrl,limi frequelwies ig deter-

mined by the fiil'llltlltt_

AX = '_)BX+wilh B = 3.2;3 em -I,

This` give-+ |he wavelenglh dirferenee tJetweel/ iilisorplloli ]hie G
't;i. I ItS 0.{}l_ /x (10.71 enl -I) fllr ii/t'lll.'llie. Oilier h3"drol.:H'})l)ll

n].tileeille--:j ll¢ll ]l,q'ving the sllheriea] >ylllmel ry of nt(q ]uine require

a mcwe e,'mq_lie:lled flil'nllll:i; but in general the henvier hydro-
eai'liltli-, will h3ve _mMh, r :.paeilig lwl vceen liiJ>,lrl)lion lhio_. The

|hie ]ullf-vcidtli. +,f l lie aiL-I'd'i)hlz git- depend on g.'ls lel'npe'raillre

,qn+| ]iree.-.llre, but even al ]++w pre_sllre< and ill i'oonl lt.lll|ler;lllll'O;

Ihle ]t:llf-v, idlh-_ ripe al;,lill[ lf) _ll ill.Ill (+hi-S). 1 The Mru(.lure o[

lhe lie NP ]a_er emi.<iun :it 3.30/a f-r "t ]:l-:er cavity ]elig>Ili of 0.3
m is lhat iff a single, vew llarrow emis_iml line lllider .'t d.llph,.r -
broadened +,uvel,!pe. A la,_er having a cavity length of 0.3 m

era|Is lines having a hnlf-widlli <,f lO-lu (10 -_ cm -1) or le._s_ and

separated hy at,,ul VI _u (0.01 ein-1). Thi_ line _epnrali(m is

abolil lhe same a_ lhe doppler _hlth of the emission envel++pe, so

that the la>er operales in es-entially a single mode. Fr.m these

eolisiderM b,l,_, itis dear thai absorption of a lie-He laser be.'mi

ltt 3._9 la ti\" ]ly(h'l_('.qrt'_<ili gas`e¢, will not l,eeesi:irily |Je relaled h)

speelrclsec, pio ab:_c,rpiion ('.etTicienls obtained at law resl)hllion,

nnd will del)elld primarily on lhe hwalim_ <if the laser emission

line an die ",'ibralion-rotatian absm-tilh,n ]hie of lhe hydr,,carbon.

We have men-ured lhe absorpli(m eflefi'ieients uf a numher of

hydl',.tear|)+in g:t-{.-, foil" It laser lw:un ;i1 3..':19U- The experinienlal
eqlliplllmil e+m-i-ted .f a ]-III_V lie Ne lnser, a .100 eps eh+ipper,

nn al_+orpli.n cell with sapl)hhe wind,iws, nn uneooh,d indium

nr+enide deleehlr, and a leek-in ninplifier. The rib_(+rpli_,ri cell

was evacll:ilPd with a roughil G plii;ip. ,qeis <ff measurement

were taken with the cell evneuuled and filled "aith hydroc:lrl)an

gas over a range of premmlres at room lemper:dure. Other sets of

mea_l;reniell!- were l',iken with an air aud hydroearb(m gas mix-

lure iu the ee]l tit, >!;ilidiiF(| rooilt iemper:dure and pre-:3ure.
Acc'ordhig hi Iile I,rlinh+,rl-i_,eer biw, the lranstnillariee lhrongh
tile g.9+ sailillh, i>-

T = C -_lLr,

where .r i- the h'tu41h of the Samltle ehanltler measured iN eentl-

reelers and p i: the g:i< prv-_ure in :ll, lii+l:-llhel'e- ; the al)>,,."pli-n
('r)eft]vielil _ i_ (Vlil-:illii) i. The !rlui-tllis-qcm da!:l were i>h,lied
_il semi-log paper :it n flliiC!h>ii ill" K.q< ])re._lll-e_ and _ (.'aleulaied

frolli llle sh,l). ,,f Ill. lhie (d,l:thied, |"(it' ;ill Kll<e% i'l M r:lighl lihe
','.','iS obl:line, l <wl,r lhe eul he i'ali_e t>f I,l'e._<ure:; >:]/i,'.Vli ill lhe l:ilde.

Table I. Room-Temperature Absorption Coefficients of

liydrocarbon Gases at a Wavelength of 3.3913 Ix

Pre_-;ilre r;I.11_e

All.'nne series 0.001 lit ni to .'_ (em-alin t+i

Mel h'ule fl,OIallli i R -.">2
I']!h31ie 0.01 2.7

I'r_,l)ane O. 03 g. 3
P,nl :ill(' O. Ol 5 13.6
Ilexane 0.015 18

| [t'lil allt" 0.01 20

l )eenne O.flO-| 10 I::l_
I':t her 0.0.5 5.5

Ethyl a]c,ih,d fl.07 2.g

(;a-,,lim; 0.02 I0.5

Tll]ilelie O. 01 ;I 7

Ae(,h)ne O. 15 1.1

Ki,r_l<ene O. 003 7- la.

Jet f,..1 (JP-t) 0.03 17

,lel fuel (JP-5) 0.00,"1 2a 24"

ltydr,,wu'b,:,n gas Parlia] pre_,sure

in air Mr II-C gas a (em-alm) -I

.Methane 0.05 15

[:1 hane O. 13 8.9

Propane O. 05 20

o l.!n('m'lahily due h) low v:ipr)r presstlre at rc, orii lemperature.

As the pressure of Ihe hydr,te:u't)on gas i_, increased, the lihe is

broadened and >hilled luward hmger wavelengih. _ Wheu the
gas is pressure-br, iadetwd, the I ral_nii._-'iori uf the I:t>er light _ill

be different frum lhal f,r the pure ga_. and will depend <illthe pre,_-
sure-br<mdening e{,eft]eient, !lie hlcali(m i)f the laser line with re-
SlDect Io It|0 ahs, lrlllion line of lhe Ras, and Oil the :tmOlll/l ttie

absorplioli lhie is,>hilled (]tie 1o gas _F_.SllrO.
The resilh_ are lahu]aled hi TMfle 1. As expeeled, the dal:t

,show rather whte varialions hi al)sorpl ion eoefl]eienl fl_>ili _l)eei ro-

seopie daia. For example, spee.troseoI)ie dala ill. low re:.o|uli,,li tt

shov," lhai. elhane "dl_.llrbsmore sl rorll|y ihni_, rnelhnne, while the
reverse is shown |)3+ Olll' (Lq.la.

Our inlez'est was related lu the deteeli,m of low etmcenl rallons

of hydroenrbon gnses in air ,'it room temperature. We have ap-

tilled lhese dala in the design of instrumeuls for detectlon of com-

bustible gn_e_. Mthough atly partieu]ar hydroearb<m eatmot be

identified from one mea_.ulement such as lhis, there are olher ap-

plic,lt ions sulh :ts hydrocnrll.n leve! in fuel sl or:tge area.% melhane

eoncord rati,m in mi_,_'% nr int rodueed into gas flows for di_glms-
lies in wind tunnel.% w]iere a general hidh.alion ,if hydrocart.m
eonle_ll is de<ired. ,
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\BSTRA(" F

A prototype instrument for detectin_4 hydrocarbon

vapors using a laser is described. 'H_o instrument

utilizes the absorption hy a hydrocarhon ga_ of the

3.59 , IIeNe laser radiation. The spectroscopic

details of the measurement are discussed along with

the detector electronics and other practical

problems. L'xperimental data ot_tained with the

prototype instrument are presented.

INTRODllETI {3N

Because of its interest in aerodynamic research,

Ames Research Center is concerned _,ith the develop-

ment of better gas diagnostic tools for use with
its wind tunnels and in lhc detection of hazardous

or explosive concentrations of comhustihle vapors

in aircraft anti ground facilities. It is also

apparent that because of the importvnce of hydro-

carbons in the human environment, any equipment

developed to detect small concentrations of hydro-

carbon fuels may find many, peripheral uses.

DISCIlSSION Of SPECTROSCOPIC F)ETAILS

It is fortuitous that the helium-neon laser

develops a significant light intensity at a wave-

length of 3.39 _,, and that this coincides approxi-

mately with a fundamental absorption band for all

hydrocarbons. This is illustrated by the repre-

sentative spectra of hydrocarbon gases in figure 1. 1

the strong absorption sho_,'n in the vicinity of

3.39 _, results primarily from the stretching vibra-
tion between tile hydrogen and the carbon atoms.

This absorption is present in every hydrocarbon

molecule, the precise frequency and width of the

absorption line depending upon details of molecular

structure and the molecular environment. It is

also fortunate that most comrr_on gases and vapors

_,'hich do not contain hydrocarbons do not absorb in

this region. For example, water vapor, COp, and

ammonia vapor arc quite transparent at 3.39 ,. The

absorption spectrum of methane which appears as a

band on figure 1 is shown in much finer detail in

figure 2. The upper curve shows the v2 funda-

menial of methane in high resolution. 2 q_e funda-

mental stretching vibration transition frequency

corresponds to the point Q on the figure, and the

family of fine absorption lines represents quan-
tized rotation levels around this vibration

frequency. The 3.39 . laser line corresponds

approximatcl_ to the 7th lint, in the P branch in

figure 2.

This P-7 absorption line can he considered in still
finer detail to illustrate the relations involved

when methane is exposed to the laser heam, both as

a pure gas at low' pressure and when mixed with

another gas that does not absorb at 3.39 ... Some

ofthese relations are illustrated in figure 3.

The egtlculated l)oppler width of the methane absorp-

tion line at low pressures is 8.9,10 -? cm -1 11_is

agrees approximately with experimental measurements'

taken at 0.5 torr. At low pressure, the methane

absorption line center is at 2947.906 cm -1 and

shifts uniforml.v with pressure to longer a'ave-

lengths with the addition of a foreign gas, _ If

the frequenc,v shift for methane in air can he

inferred from the data of reference 3 as the

average between the observed shifts in neon and

argon, the resulting shift amounts to about

7,10 -_ cm -1 at atmospheric pressure in air. This

shift is therefore presumed to be a less important

effect than line broadening for mixtures of methane

and air. The line broadening effect of _:as pres-

sure would be expected to become very important at
pressures above about 50 to 10N torr. At atmo-

spheric pressures, the pressure broadened absorp-
tion line is calculated to be about 93.10 -3 cm -1

wide, 3 and is shown on an absorption scale to com-

pare _,'ith that for the pure gas in figure 3. The

broadening of tile line reduces the absorption

markedly at the line center but increases the

absorption in tile wings.

The characteristics of the ttege laser are also

shown in fi?,urc 3. The center of the Doppler enve-

lope of the laser emission 3 is at 2%17.903 cm -1, and

the Doppler line width 5 is about 9.3-10 -_ em "1 wide

assuming an effective temperature of ,100°l,'._, c'

For a laser cavity 30 cm long, the laaer modes at

3.39 ;, are separated by 15,10 -3 cm -1. The cavity

modes are thus separated by a distance greater th,n

tile half-u'idth of the Doppler envelope, and the

laser nscillates in what is essentially a single

mode. It is worth noting in pagsing thai thi- i

a much simpler situatio_t than when the same l:Jaer

(same cavity length) is oscillating at 0.63 _,, the

laser modes are separated by 0.6_10 -_ cm -1, and

about 20 separate oscillation modes can exist

under tile Doppler envelope.

'lqae output of the laser at 3.39 ,, is thus

represented b.v the narrow emission line in figure 3.
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It lice !:omewherc wilhin lit,. Doppler envel,_pe shc_l,'n,

the preci-:e oseillatinn frcqu,.ncy d, i,_.ndin_d on tiie

ri,qllirOlliellI f`ur ;in int#.'gr;l] nlllllber i_f i_'av_l]erlj]lhs

_within lilt' ]:i_.er cavilt.. I'his precise freqtiency'

re:IV vary %ith vari,,tion<; in cavil)' ]l'ngl]l till(" Ill

ti'mperalurl, chan_e'; llliless t}ll' ]a_:er is mode stat)i-

li:ed. V;lriati,-,iG_; ill Ibis freqtienc}' _,'i11 change

lll_, ab>,lrl,liOll of la,,:er lil:hl in ptirc methane at

lot,' l_leq,cure, t*llt lhe abc,_rl,lion _>f` ,I i11iXitlre (-iI _

ricthane ill air _,'ill bv Vlflll:il])' ui'_.il'ft'clt(] b}' me,it
stabililt because _,f the t, xlit, mc i, idrll {_f tile

pre_:<;ure brnadcnt, d ab,;illi_l ion I ine compared wi ttl

the l)oppler l. idth of" the icl_:er line.

Much less i5 kn_wn al,olll lhe detailed slructure of

ilvdrocarbons kava ng hi Filer molecular i,'ei ghts or

mere complicated >tructnre. 1Q' have measured tile

absorpl ion coefficienls of a number of h':'drocarbon

gaqes al a laser wrivl'10ngth of 3..:,913 ;:. The

inc'ttiod con_;isted in pa<sin_; lhe laser beam through

a .100 cycle ch_pper, then lhrough an absorption

cell containing the te_,t gas, and into a detector.

llle transmitted signal t,'as measured over a range of

preq_,uros ;it room temperature, and the data are

preqented in figure ,I. The straight line variation

f{_r ,inch gas represents a confirmation of the

I.amb,'r:-Becr relation that optical depth is

inverqelv proportional to the log:lr_thm of the

transmission. Tile data are presented as a ratio of

the tranqmission throuKh the gas (T) to the empty-

cell transmission (To/ as a function of the product

of density and path les_gth. *['lie density referred

to is the partial ttcn*ity of the selected hydro-

carbon gas in tilt. case. of mixtures of the gas with

air. 1'lie sl,>pe of the lines of figure 4 is thus

the absorption coeffic]ent. It i_ also apparent

that 1he absorptian varies widely between different

gases and _,ith" pressure broadening for the same gas.

Some deviations from the stra]ght line representing

a logarithmic relation were no'tt.d at higher pres-
stares. The data of figure el have been sunmarized

in a f`ertheoming letter to Applied el,tic s,7 but the

principal results are stlown in figur, _ 5. It is

seen that the ahsorptlon coefficient \,aries con-

siderably for the different _ases, but is reasonably

sl rt)rkg for al] gases tested. For example, an

absorption coefficient of lO cm -I atmospheres -1

indicates that a 1.0 em palh in the gas will absorb

at-,out two. 1hirds of the incitt(.nt beam if the pre_-

sure is one-tenth of an atnosphere, l'hese daia

sug.rcsl a number of possible applicr_lions invc)lving
detection and diagnostic instruments.

I)lSClISgION OF PROTO'I_'PE hETECTOR

lee have recently built a hydrocarbon gay detector

based on palh length variations as shown in fig-

ure 6. In this device, atteNe laser beam at 3.39 I_

is incident on n mirrored tuning fork chopper which

altt. rniately reflects the light directly to the

detector or allo_..s it to traverse the longer path
to the corner reflector and back to the detector.

The lon_ patti stlni, rl _..;as ab__ul two m<.ter_ nver-al 1,

while tile short v:lti_ (enclr_sed in a protective box)

was only a fe_ centimeters. The detector was an

unreeled indium-arsenide photodiode which is

reasonably efficient at 3.39 ,:. A solar blocl, ing

filter _,'as used to eliminate spurious signals due

ltJ Sutlligill ill an ttutdoclr envirollmcnI. 'ltle in..lru

lilt'lit I_{lS adillstcd !.o llial fht' light received vi;i

lhe long prilh t,a,_ exactly euliivalt'ltt tl_ lhal fi_m

tile short path. The inlll,diictJon of ;in llllS_ll'l_irlg

t',;i <, ill the ]ong path lllu _, e/luted a dr'vial iOll from

null anti prodllc(.d a signal pr(iportional to lhc

quantify of al_orbing l,:ls. Filture 7 shclw_: lhe

variation of tTansmissien c_f the lc, n:_ palh ,'it rl

fuliel :I { ) n a f lime I_'i th and wi thout all ;,bsorbint: pgl<; .

h'ilh an al.-<lrl,ine, gas, lilt' diffc, rc, i:ce in sit,ji:_l

received vi<t the long and the shorl path eonlainc'd

an AC component which a'a< slabsequentlv filtered,

amplified, and indicated on the meter.

The eleclronic design f<n' the detector circuit is

straightfor_,'ard. The detector amplifier and filter

portion is shown in figure 8. The indium arsenide

photodiode is held ,it near zero voltap..o bias l)v

tile, operational amplifier. Operation in tills me>dc

produces less dark current, distortion, and bias

shift. The amplifier output voltage is proporticmal

to the product of photodiode current and feedbac!,

resistance, and is linear with incident irradiance

for several decades. This signal is fed to a band-

pass filter in _rder to increase tile S/N ratio and

enhance the nulling capability..

Since the stability of the system is critically

dependent on the stability' of light beam chopper,

it was operated at constant amplitude, anti stabi-

lized by feedback. The design of the system that

accomplishes this control is sh_l,'n in figure 9.
The system is a feedI, ack oscillator in which the

chopper mechanical structure forms the luned circuit.

"l]_e w_ltage from the sensing coil is proportional

to the velocity of the chopper Llade. This voltage

is amplified and applied to a bridge containing two

back-to-back zener diodes, l]_e unbalanced signal

from this bridge ]s amplified and supplies a drive

coil. At low amplitude, the zener diodes have a

high resistance and act as linear circuit elements.

For this condition, positive feedb,qek is applied to

the drive coil and the chopper bep, ins to oscillate.

At high amplitudes, the impedance of the zencr

di_ades drops, reducing tI..e unbalanced signal until

it is just sufficient to keep the amplitude from

rising further. This sinq, le circuit is quite

effective in producing stable operation in a

variety of adverse environments.

Figure lO is a photograph of the crude prototype

instrument. The system was arranged to be hand-

carried and was tested in the field, operating from

a lead-acid batter)." and converter carried in :in

automobile. A]thou£h its sensitivity was limited

by mechanical instabilities, it was still suffici-

ent for detecting natural gas at concentrations of

about 1 part per million. This concentration is
well below that which i_ hazardous to health and

cons i derab ly below explosive concentrat i Ol_.

CCI,",'Cl.IIS 1('INS

Since the initial teqts _,illi this protot)-pe, our
_,'ork has continued in _everql directionq, It i_

apparcnt that the instrument is much larl:er than

neee_sar)" to delect tit(' small conceillrMiwns ( 1_)

of natural gas and similar hydrocarbons it: fires



ARC-lO156

and explosions. Such small amount,, are remlily

detectable with path ]enl,.ths of the order of
centimeters or even millimeters. There was mare

than adequate detection capahility ill the ] mw
l;,ser and indi,m arsenidc dctcctor combination, so

that the 3(I cm lm;er tube could l_e minialurived if

desired. AC signal current in the detector at our

limit of &'tection {,1- 1 part per million was about

10 -'1 amp, and more .¢.ophisticated electronic cir-

cuitry _,'ould permil detection of currents several

orders of magnitude smaller. 1]_is capability could
be used to allow detection of smaller eoncvnl rations

of gas or reducl io11 of the laser size.

However, several difficulties also became apparent.

The high voltage necessary to excite the lascr is

a potential hazard in an explosive environment, and

special attention to insulation would be necessary

to prevent sparking if lhe laser itself is immersed

in the hydrocarbon gas. The presence of dust or

material _hich v,ould condense on or degrade the

mirrors requires special attention in practical

applications. It may, be possible to excite the

laser at two frequencies, however, and use tile same

instrument to measure dust By light scattering at

the same time as the gas content is being measured.

Our immediate interest in applying the technique,

however, is in gas diagnostics in wind tunnels,

ducts, and other gas flow facilities. The small

concentrations of hydrocarbon gas which can be

detected in air streams suggest a method for _eed-

ins a gas and studying variations in gas density

due to mixing, coml_ressihility , and other phenomena

of interest in aerodynamics.

KEY WORDS

ttydrocarbon detector, gas detector, explosion

detector, combustihle gas detector
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OTtIER ACTIVITIES

Personal visitations by members of the Stanford University Biomedical

Technology Transfer team were performed to present the details of the

biomedical applications program to the following institutions:

IV[arch 1 University_ of California at San DieF__q

Department of Anesthesia, N.T. Smith, M.D. and

15 associates were in attendance; Messrs. Buck and

Miller (Stanford BTT representatives).

March 3 Valley Medical CenterLSan Jose, California

Department of Neurosurgery, Drs. Hamilton and

Silverberg; Messrs. White and Miller (Stanford BTT

representatives).

March 8 Cedars of Lebanon Hosp_it_a_], Los An_eles___California

Department of Cardiology, Dr. William Parmley and

17 associates attended; Drs. E. Alderman, A. Rider

and Mr. A.G. Buck (Stanford BTT representatives).

March 15 City of Hope Medical Center, Duarte L California

Department of Cardiology, Dr. S. Rodbard

Rancho Los Ami_s Hospital, Los Angeles, Ca]{forn{@

Drs. C. Stiles, D. ]V[cNeal and 3 staff attended.

Good Samaritan Hosp_a_L_Los Angeles California

Departments of Thoracic and Cardiovascular Surgery

Dr. Q. Stiles and 15 staff; Dr. W. Barry and

Mr. A.G. Buck (Stanford BTT representatives for

all three visits).

March 16 University_ of Nevada, School of Medicine,_Reng_ Nevad_ a

Department of Basic Medical Sciences, Dr. G. Smith,

Dean and department heads and 20 associates attended;

Drs. D. Cannom, R. Crow and ]V[essrs. S. Davidsen

and IIarry Miller (Stanford BTT representatives).

March 23 Stanford University_ Children's Convalescent Hospital

Dr. H. Jennisen and 15 staff members attended;

Dr. W. Barry and Mr° Aft. Hood (Stanford BTT repre-

sentatives).
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Other Activities (continued)

March 29 San Francisco Corn!J3{ General ttospi[-_alj_ .San Francisco

Cardiopulmonary Department, Dr. T. Evans and 4

associates attended; Dr. A. Rider and Mr. S. Davidsen

(Stanford BTT representatives).

•k * *

The following individuals and institutions were contacted in Houston,

Texas by Mr. Paul Pt_rser (Stanford BTT) to discuss the Stanford

University Biomedical Technology Transfer program and current medical

problems for potential submission into the NASA TU program°

Herbert C. AIan,Jr. , M.D.

Waiter S. Henly, M.D.

Peron O. Jones, M.D.

Daniel E. Jenkins, M.D., Baylor University

Henry D. McIntosh, M.D., Chairman, Department of Medicine

Baylor College of Medicine

James R. Hickox, Harris County Medical Society

Sidney Schnur, M.D., President, Harris County Medical Society
and Texas Heart Association

Dudley Hafner, Executive Director, Texas Heart Association

Richard T. Eastwood, Ph.D., Executive Director, Texas
Medical Center

Walter M. KirkendalI, M.D., Chief of Medicine, University of
Texas Medical School

Donald N. Macon, Regional Medical Program of Texas

William A. Spencer, M.D., Director, Texas Institute for
Rehabilitation and Research

On March 7, Mr. Sal Rositano (NASA-Ames) and Mr. H. Miller

(Stanford BTT) were invited speakers at the Institute of Electrical

and EIectronic Engineers, San Francisco Group Chapter in Engineering

in Medicine and Biology. A formal presentation of available NASA

biomedical technology and the NASA technology utilization program was

offered and concluded with a demonstration of working biomedical

equipment. This meeting was attended by thirty representatives from

industrial engineering groups, clinical and research medical specialities.
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0 ther Ac t-ivi ties (continued)

On March 13, Messrs. Davidsen and Miller (Stanford BTT) assisted

in the arrangement and demonstration of the Langley Complex Coordinator

in cooperation with the Stanford Research Instltute's Technology Applica-

tions Team. Tl_s demonstration was held at the Stanford University

School of Physical Medicine and attended by approximately 20 staff
members.

On March 20, Messrs. Miller and Davidsen conferred with Dr. Richard

IIaines, Messrs. B. Evans and H. Emerson (NASA-Ames) regarding the

clinical acceptance, status and commercial manufacturing plans for the

Ames "Automatic Visualization Sensitivity Tester". Stanford consultants

sought recommendations from several ophthalmology specialists and

critiqued the production proposal received from a commercial firm.

Mr. A. G. Buck (Stanford BTT) attended a demonstration by Mr. J.

Dimeff (NASA-Ames) and Dr. P. Portner (Arkon Company, Berkeley,

California) of a carbon monoxide analyzer designed by NASA-Ames and

produced by the Arkon Company. This demonstration was held on March 22

at the Cardiovascular Research Institute of the University of California

School of Medicine in San Francisco and attended by Drs. J. Nadel and

Garreth Jones. At the same institution, Drs. Malcolm McIlroy and

Hans Astrom were consulted about the potential uses of the NASA-Ames

Exoskeletal (hardsuit) technology as applied to medical plethysmographic

studies. These two areas will be followed up in close detail.

* * "7¢

On March 27, Dr. Donald C. Harrison participated in the Fourth

National Conference on Electronics in Medicine held in Chicago, Illinois.

Other panel members were Mr. JoT. Richards, Jr., Drs. D. Culclasure

and F.T. Wooten and Mr. R. Zimmerman. The purpose of the program

was to permit the physician,engineer and health-science administrator to

share their experiences in transferring aerospace technology to medicine.
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OLher Activities (continued)

On A_arch 30, a meeting was held at the SLanford BTT offices and

attended by Dro David Whiter (Deputy DLrector, Life Sciences, NASA-

Ames), Dro IIarold Sandler (Chief, Biomedical Research Division, NASA-

Ames), Dr. Donald C. IIarrison and ]_{r. IIo Miller (Stanford BTT).

The purpose of this meeting was to discuss various types of new

teehno]ogy from NASA-Ames available for transfer into the biomedical

community and to determine cooperative methods of utilizing time of Ames

personnel requested to work on Technologry Utilization problems. Pre-

liminary arrangements are to be followed up by subsequent meetings to

arrive at a cooperative and agreeable method of interaction.
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PLANNED ACTIVITIES

°. Several cooperative animal research studies are to be undertaken

involving the problem originator, Stanford BTT consultants, and other

medical consultants associated with problem PMI)-I. These research

studies wilI expand on the methods and accuracy of using selected

isotopic scanning methods to monitor intracraniaI pressure changes

noninva siv ely.

Meetings are planned to present the details of the NASA Bio-

medical Technology Transfer program with the Following groups:

Alviso Family Health Center, Alviso, California

Kaiser-Permanente Medical Group, Oakland, Callfornia

Good Samaritan Hospital, Eugene, Oregon

_¢ q¢ *

Computer searches of NASA technology are planned relevant to

problems:

ELC-2 Tissue Transilluminating Surgical Lights

CED-I ECG Monitoring During Emotional Stress
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Appendix C

IIOURS/EFFORT SUMMARY FOR TIIE PERIOD

PROBLEM RELATED
I23

NON-PROBLEM RELATED ACTIVITIES
390

TOTAL HOURS FOR THE PERIOD
513
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